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ABSTRACT
We discuss the expected inclination angle distributions of binary neutron star (BNS)
mergers detected in the multimessenger scenarios with the associated short-GRBs
(SGRB), in the era of second-generation gravitational wave (GW) detectors. Unlike
the Schutz’s distribution (Schutz 2011) which represents inclinations as measured from
GW detections alone, the distribution of multimessenger detections will depend also on
the intrinsic SGRB properties such as the jet structure, energy, and jet opening angle
etc. We demonstrate this using a simulated population of joint BNS-SGRB events and
also discuss their possible consequences - the detection rates and distance reaches of
low and high inclination angle events in the current and future network configurations
of GW detectors alongside Fermi GBM as the representative γ−ray detection facility.
Assuming all the BNS mergers to have SGRB counterparts with Gaussian structured
jets whose properties are similar to as inferred for GRB170817A, we find that at lower
inclination angles (say below 20◦), the distance reaches as well as the detection rates
of the joint BNS-SGRB detections are limited by the sensitivity of GW detectors
while at larger inclinations (say above 20◦), they are limited by the sensitivity of γ-ray
instruments.
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1 INTRODUCTION
Historic detection of a BNS merger GW170817 by
LIGO/Virgo detectors (Abbott et al. 2017a) and the conse-
quent follow up of the event in various electromagnetic (EM)
frequency bands and by neutrino observatories dawned a
new era in multi-messenger astronomy (Abbott et al. 2017c;
Goldstein et al. 2017; Savchenko et al. 2017b; Valenti et al.
2017; Margutti et al. 2018; D’Avanzo et al. 2018; Troja et al.
2018; Ruan et al. 2018; Lyman et al. 2018; Resmi et al. 2018;
Lazzati et al. 2018). Multimessenger observations provide
tremendous opportunities to investigate astrophysics, cos-
mology, and fundamental physics, for example, the estima-
tion of Hubble constant (Abbott et al. 2017b; Hotokezaka
et al. 2018), testing the speed of gravity (Abbott et al.
2017d), estimating the neutron star EOS (Coughlin et al.
2018a,b; Radice & Dai 2018) are a few among them. With
more GW detectors expected to be operational (Collabora-
tion et al. 2015; Acernese et al. 2015; Aso et al. 2013; Iyer
et al. 2011) with the improved sensitivities, we expect tens
to hundreds of BNS mergers and tens of joint BNS-EM de-
tections over next few years (Abbott et al. 2018c; Coward
? E-mail: msaleem@cmi.ac.in, saleem.muhammed.c@gmail.com
et al. 2012; Clark et al. 2015; Regimbau et al. 2015; Howell
et al. 2018).
One of the common parameters which has an impor-
tant role in the GW detectability of BNS mergers as well
as the EM detectability of their counterparts is the inclina-
tion angle ι of the binary which is the angle between the
orbital angular momentum axis and the line of sight. The
inclination angle is also known as the viewing angle θv of the
observer, as commonly referred to in GRB literature and is a
key parameter in understanding the physics of EM counter-
parts (Arun et al. 2014; Lamb & Kobayashi 2017a) especially
when they are observed off-axis (Granot et al. 2002; Don-
aghy 2006; Lazzati et al. 2016; Kathirgamaraju et al. 2018;
Eichler 2018). For example, the fact that GRB170817A was
viewed off-axis has been central in understanding the under-
lying jet structure models (Lamb & Kobayashi 2018; Ioka &
Nakamura 2018; Granot et al. 2017; Resmi et al. 2018; Laz-
zati et al. 2018; Ghirlanda et al. 2019). The inclination angle
of GW170817 was estimated independently from GW and
EM observations as well as from the combined GW+EM
analyses (Mandel 2018; Finstad et al. 2018; Mooley et al.
2018). From the observation of the superluminal motion of
the radio counterpart, the inclination angle of GW170817
was constrained to ∼ [14◦, 28◦] (Mooley et al. 2018).
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The dependence of GW detectability of BNS on the
inclination angle has been well formulated in literature.
Bernard Schutz showed that the detected inclinations follow
the probability distribution Pdet(ι) = 0.076076 (1 + 6 cos2 ι +
cos4 ι)3/2 sin ι (Schutz 2011). Seto (2015) also carried out a
similar and detailed study on inclination angle distributions
with broadly similar conclusions. As far as the EM coun-
terparts are concerned, due to the collimated jets and rel-
ativistic beaming (Rhoads 1999; Sari et al. 1999; Harrison
et al. 1999), their detectabilities at various frequency bands
(short-GRB (SGRB) prompt γ−ray emission, afterglows etc.
) have even stronger dependence on the inclination angle
(Granot et al. 2002; Donaghy 2006; Saleem et al. 2018). Un-
like GW, the EM detectability dependence on inclination
angle is only known subject to the assumption of an under-
lying model of jet structure (Donaghy 2006; Salafia et al.
2015) while our knowledge about the structure is still devel-
oping. The accurate knowledge of the statistical distribution
of inclination angle is important in forecasting the future
multimessenger detection rates and detection scenarios.
The probability distributions given by Schutz (2011)
and Seto (2015) are excellent representations for the de-
tected BNS inclinations from GW observations alone. How-
ever, in a multimessenger observing scenario, due to the
BNS-SGRB association, it is possible to have SGRB trig-
gered BNS detections which can be made at a lower de-
tection threshold than needed for an independent GW de-
tection. This brings in several additional BNS detections.
Due to the strong inclination angle dependence of SGRB
detectability, these additional detections also depend on the
inclinations. Consequently, the distribution of overall (inde-
pendent plus SGRB triggered ) detected BNS inclinations
will be different from the ones given by (Schutz 2011; Seto
2015). Apart from these two distributions, one would also
be interested in the distribution for joint (simultaneous) de-
tections of BNS and SGRBs.
The subject of this work is to demonstrate these new in-
clination distributions and to discuss their implications. We
use a Monte Carlo simulated population of BNS mergers
and associated SGRBs to compute the inclination angle dis-
tributions for independent BNS detections, SGRB-triggered
BNS detections, and joint BNS-SGRB detections. To ob-
tain further insights, we compute the detection rates for low
and high inclination angle cases and compute the distance
reaches as a function of inclination angle. We investigate how
these properties vary if the sensitivity of the GW detector
network increases, by considering the current and upcom-
ing networks with three, four and five detectors and their
projected sensitivities.
In section 2, we present our simulated population and
obtain the inclination angle distributions and also compute
the distance reaches. In section 3, we discuss the detection
rates and in section 4 we conclude the work.
2 SIMULATED BNS-SGRB POPULATIONS
AND INCLINATION ANGLE
DISTRIBUTIONS
In this section, we numerically compute the distributions of
detected inclination angles of BNS mergers for multimessen-
ger observing scenarios. By multimessenger observations, we
precisely mean the GW detections of BNS mergers together
with the EM detections of SGRB prompt γ−ray emissions.
EM counterparts in relatively lower frequencies such as af-
terglows and Kilonovae emissions are not considered. This
is because the prompt emission provides the best opportu-
nity for an EM-triggered BNS detection due to their strong
temporal coincidence with BNS merger (delay at the order
of seconds) while afterglow or Kilonovae emission appears
with a delay of the order of hours to days or even longer
(Metzger & Berger 2012).
2.1 Simulation of BNS merger population
We simulate a population of 106 BNS mergers and associated
SGRB prompt emission counterparts. The component NS
masses are distributed uniformly between 1− 2M and com-
ponent spins are taken to be zeros following the fact that the
fastest spinning NS in a binary system known till date (Bur-
gay et al. 2003) has a dimensionless spin magnitude χ ∼ 0.05
and the effects of such spins on the BNS detectability are
only moderate (Brown et al. 2012). Sources are distributed
in comoving volume with constant number density and the
source orientation is taken as uniform over the polarisation
sphere, ie, the polarisation angle ψ is distributed uniformly
in [0,2pi] and the cosine of inclination (cos ι) is distributed
uniformly in [0,1].
For all the simulated sources, we computed the single-
detector SNRs at each detector as well as the coherent net-
work SNR (Schutz 2011) for various network configurations
discussed below.
(i) LHV - the three-detector LIGO-Virgo network with
the projected O3 sensitivities2 for two LIGO detectors and
the best reported O2 sensitivity (Abbott et al. 2018a) for
Virgo which we consider as a conservative choice for O3 sen-
sitivity. This configuration can be considered to be represen-
tative of the ongoing observation run O3 (during 2019-2020).
(ii) LHVK - the four-detector network with the addition
of KAGRA(Aso et al. 2013) with all of them at their de-
signed sensitivities2 (Harry 2010; Collaboration et al. 2015;
Acernese et al. 2015). This can be considered as the repre-
sentative configuration for the near-future years (2021-2023)
(iii) LHVKI - the five-detector network with the further
addition of LIGO India (Iyer et al. 2011). All the three LIGO
detectors are considered at the Aplus sensitivities (Barsotti
2018) while Virgo and Karga are considered at their designed
sensitivities. Refer to the URL given in the footnote2 for all
the sensitivity curves. LIGO India is expected to be oper-
ational around 2024-25 and hence this configuration may
represent the epoch of 2024-2026.
Note that for each network configuration, the sources
are distributed up to a distance which is the farthest de-
tectable distance (Horizon distance) for that configuration.
2 Sensitivity curves are taken from the URL: https://dcc.ligo.
org/LIGO-T1500293/public
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Figure 1. Probability distribution of inclination angles for untriggered BNS detections (solid curves), total BNS detections (triggered
plus untriggered) (dotted curves) and the joint BNS-SGRB detections (dashed curves) for various network configurations. The curves
are independently normalized such that the area under each curve is unity.
2.2 SGRB counterparts with Gaussian structured
jets
For each BNS in the population, its SGRB counterpart is
considered to have structured jets (Rossi et al. 2002; Zhang
& Meszaros 2002; Nakar et al. 2004; Lamb & Kobayashi
2017b) with Gaussian-like profiles. In a Gaussian struc-
tured jet (Zhang & Meszaros 2002; Salafia et al. 2015;
Resmi et al. 2018), the energy and bulk Lorentz factor in
the source frame follow Gaussian-like angular variations,
∝ exp [−(θ/θc)2], where θ is the angle away from the jet axis
and θc is 1-σ width of the Gaussian profile which is also re-
ferred to as the semi-opening angle of the core of the Gaus-
sian jet.
It was found that the observed features of EM coun-
terparts of GW170817 (prompt γ−rays and afterglows) were
consistent with Gaussian structured jets (Resmi et al. 2018;
Lamb & Kobayashi 2018; Howell et al. 2018) with θc < 5◦ and
viewed far off-axis, ie, > 20◦ (Recall that the best estimate
of θv obtained in Mooley et al. (2018) is around 20◦). In our
simulated population, we assume that all the BNS mergers
have jet counterparts with properties consistent with what
is inferred for GRB170817A, with θc = 5◦. This is consistent
with a recent study by Beniamini et al. (2019) which argues
that most neutron star mergers result in tightly collimated
successful jets. For all the sources in the population, we also
assume the initial bulk Lorentz factor at the axis of the jet
Γ(θv = 0) = 100 and Eγ = 1050 erg, where Eγ is the rest frame
total γ-ray energy.
To estimate the detectability of prompt γ−ray emission,
it also requires to compute the observable quantities such as
γ−ray flux (in units of erg cm−2 s−1) or fluence (in units
of erg cm−2) in the sensitive bandwidth of the instrument
under consideration. In a most recent work, Mohan et al.
(2019) has numerically computed the prompt γ−ray fluence
for Fermi GBM assuming Gaussian structured jet with pa-
rameters as described above, where the fluence is obtained
for a range of viewing angles from 0 to 90◦, at a luminosity
distance DL = 43 Mpc which is the inferred luminosity dis-
tance of GW170817. In order to estimate the detectability
of SGRB counterparts of the BNS mergers in our popula-
tion, we use this fluence data by scaling appropriately for
desired luminosity distances. If the fluence obtained in Mo-
han et al. (2019) is denoted as fγ,43Mpc(θv), then the fluence
from a source at an arbitrary distance DL at viewing angle
θv can be schematically written by the scaling relation,
fγ(θv,DL) =
(
43Mpc
DL
)2
fγ,43Mpc(θv) (1)
where the effect of redshift has been ignored which is ex-
pected to have minimal effects for the distance ranges we
deal with in this study.
2.3 Detectabilities
Given the population of BNS mergers along with their
SGRB counterparts described above, we now asses their de-
tectabilities by imposing appropriate detection thresholds
on their SNR and fluence respectively. We consider the fol-
lowing two scenarios:
(i) BNS mergers are detected from independent GW ob-
servations. For this case, we use a network SNR threshold
ρnetth = 10 along with a coincident single detector threshold
ρ
single
th = 4 at minimum two detectors as the detection crite-
rion. Henceforth, these are referred to as untriggered detec-
tions as these are not triggered by observations in any other
window.
(ii) BNS mergers are detected from the SGRB-triggered
search. Here the SGRB must have been detected either inde-
pendently or by following up the low significant BNS candi-
dates (which do not qualify itself as significant detections).
For this, we use network SNR threshold ρnetth = 8 along with
a coincident single detector threshold ρsingleth = 3 at minimum
two detectors as the detection criterion.
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The lowered SNR thresholds (ρnetth = 8 and ρ
single
th = 3) for
the SGRB-triggered searches follow from the fact that the
presence of a detected SGRB counterpart allows targetted
BNS search in a small fraction of sky over a shorter segment
of time as opposed to the all-sky searches carried out over
longer segments of time. This significantly reduces the num-
ber of templates in the search template bank which in turn
reduces the number of background (terrestrial) triggers and
hence the false alarm rates (FAR). A low FAR allows claim-
ing significant detections at lower SNR thresholds without
any cost of false detections. This has been comprehensively
discussed in a number of earlier works in literature (Mandel
et al. 2012; Baret et al. 2012; Kelley et al. 2013; Chen &
Holz 2013; Dietz et al. 2013; Bartos & Ma´rka 2015; Patri-
celli et al. 2016; Howell et al. 2018). Our choice of thresh-
olds with a 20% reduction for triggered cases, as opposed
to untriggered cases, is consistent with the previous studies
mentioned above (for example Chen & Holz (2013); Dietz
et al. (2013)). In recent years, there were triggered searches
performed on LIGO-Virgo data following the detections of
short and long GRBs (Aasi et al. 2014a,b, 2013).
Whether a given BNS in the population belongs to
the SGRB-triggered category or the untriggered category
is determined based on whether the prompt γ−ray fluence
obtained by equation 1 is above the Fermi GBM detec-
tion limit. We use Fermi GBM 64-ms fluence threshold
fGBM = 2 × 10−7 erg cm−2 (Goldstein et al. 2017).
2.4 Distribution of detected inclinations
Applying the detectability criterion above, we obtain the
following three distributions of detected BNS mergers:
(i) Untriggered BNS merger detections obtained by ap-
plying the SNR threshold ρth = 10 to all the events.
(ii) Total BNS merger detections which include both trig-
gered and untriggered detections where the thresholds ρth =
8 and ρth = 10 are appropriately applied based on the SGRB
detectability.
(iii) Joint BNS-SGRB detections which include only
those events for which both BNS and SGRB are simulta-
neously detectable. This is obtained from the Total BNS
detections (above item) by removing those events for which
the SGRB is not detectable.
Figure-1 shows the distribution of detected inclination an-
gles corresponding to untriggered detections (black solid
curves), total detections (blue dotted curves) and the joint
BNS-SGRB detections (red dashed curves). All the distri-
butions are independently normalized such that the area
under each curve is unity. The three panels correspond to
the three different network configurations. The solid curves
are the distributions corresponding to the detections from
GW observations alone and hence they are very close to the
analytical prediction by Schutz (2011) which was mentioned
earlier.
It is observed that the solid and dotted curves (un-
triggered and total detections respectively) differ from each
other at lower inclinations and as the inclination increases,
the difference between them decreases and tend to join
together. This implies that the contribution from SGRB-
triggered detections mostly happens at lower inclination an-
gles while there are hardly any additions at higher incli-
nations. Also, the dashed red curves (corresponding to the
joint BNS-SGRB detections), unlike other two curves, de-
clines rapidly around ι between 20 and 30, indicating that
the joint detections are extremely less likely at larger incli-
nations. All these features are the consequences of the fact
that the prompt emission detection (and hence the ‘SGRB-
triggering’) is most likely to happen at lower inclination an-
gles which is also a consequence of the narrowly collimated
jets (θc = 5◦ in our case) and the Lorentz boosted γ−ray
emissions.
Further, we notice that as the GW detector network
sensitivity (or the distance reach) increases, at larger in-
clinations, the contributions from triggered detections be-
comes less relevant. For example, among the three panels
in figure-1, for the LHVKI configuration (rightmost) which
is the most sensitive one, the distributions corresponding to
the untriggered and total BNS detections (solid and dotted
curve respectively) deviate from each other minimally com-
pared to the other two cases (left and middle panels) which
are relatively lower sensitive. We understand this as follows.
Since we have chosen SNRs of 8 and 10 as the thresholds for
triggered and untriggered detections, all the triggered de-
tections must come from a subset of sources whose SNRs
lie between 8 and 10. Due to the fluence dependency on
ι, at larger ι (say above 20◦) SGRBs can be detected only
if they are at sufficiently close distances which means that
SGRB-triggered BNS detections are also possible within this
smaller distance limit (say at the level of 100Mpc or slightly
above or below - see figure 2 for distance reach estimates for
various cases). Within this distance, with the LHVKI con-
figuration, almost all the sources must have got high SNR
(SNR > 10) and hence there would hardly be any candi-
date as an SGRB-triggered detection. On the other hand, at
relatively low sensitive configurations (LHV and LHVK ),
there could still be a reasonable fraction of sources with
SNR between 8 and 10 and hence can be candidates for
triggered detections. This shows that triggered detections
become less relevant at higher inclinations as the GW sen-
sitivity increases. However, for sources with low inclinations
(say less than 20◦), SGRBs can be detected till much larger
distances (say > 1Gpc) (See figure 2) and hence triggered
detections can still happen at large distances.
2.5 Distance reach vs inclination
An interesting quantity which is responsible for the features
observed in figure 1 is the distance reach which is also a
direct consequence of the GW or EM detector sensitivities.
Here we obtain the 90% inclusion distance for the multimes-
senger BNS-SGRB detections as a function of the inclination
angle. At any inclination, the corresponding 90% inclusion
distance is defined as the luminosity distance such that the
90% of the total expecteed detections happen below this
distance.
The results are shown in figure 2 where the solid blue
curves correspond to the BNS merger detections by GW
detector networks alone (untriggered BNS detections) while
the dashed curves correspond to the joint (simultaneous) de-
tections of BNS and SGRB. We observe the following points
in figure 1.
(i) The untriggered BNS distance reaches (solid curves)
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Figure 2. The 90% inclusion distance of BNS and BNS-SGRB
joint detections as a function of inclination angle. 90% inclusion
distance is the luminosity distance which includes 90% of the de-
tections for a source population which is uniformly distributed in
comoving volume. The solid curves correspond to the BNS merger
detections by GW detector networks while the dashed curves cor-
respond to the joint (simultaneous) detections of BNS and SGRB.
The three colors show the three different network configurations
LHV, LHVK, and LHVKI with respective sensitivities. SGRB
counterparts are assumed to have Gaussian structured jets pro-
ducing prompt γ−ray emissions whose detectability were assessed
for Fermi GBM detection limits.
are continuous curves with a decreasing trend as a function
of the inclination. This trend is clearly due to the fact that
the GW signal amplitudes of the plus and cross polarisa-
tions scale down with inclination as (1 + cos2 ι)/2 and cos ι
respectively (Schutz 2011).
(ii) The joint detection distance reaches (dashed curves)
have discontinuities roughly around ι = 20◦ for all three net-
work configurations. The first part of the curve (left to the
discontinuity) follows the BNS reach as the SGRB detections
at this range of inclinations are possible even from > 1Gpc.
The second part of the curve (the sharp declining part to the
right of the discontinuity) follows the SGRB distance reach
which in turn is due to the combined effect of the assumed
jet properties (structure as well as the specific properties
such as Eγ, θc etc. ) and the Fermi GBM threshold. These
dashed curves can be seen to be joining together which is
due to the common Fermi GBM sensitivity assumed in this
study alongside all the three GW network configurations.
(iii) On the left part of the discontinuity, the reaches of
joint detections (dashed curves) are deeper than the cor-
responding reaches of untriggered BNS detections (solid
curves). This is due to the respective choices of SNR thresh-
olds while this is not reflected on the right to the discontinu-
ity as there the horizon is set solely by the γ-ray detectabil-
ity.
3 DETECTION RATES AND OTHER
IMPLICATIONS
In this section, we compute the detection rates of BNS events
as well as BNS-SGRB coincident events for various network
configurations. Motivated by the discontinuity features ob-
served in Figures 1 and 2, we compute detection rates for
the arbitrary ranges ι ≤ 20◦ and ι > 20◦. To compute the
rates using our simulated population, we follow the method
described below.
The BNS detection rates are obtained as the product
of the intrinsic BNS merger rate density Rmerger and the co-
moving detection volume 〈V〉det,
rdet = Rmerger × 〈V〉det , (2)
where Rmerger represents the non-evolving BNS merger rate
density (in units of Gpc−3yr−1). In this work, we use the
merger rate density Rmerger = 662+1609−565 estimated from O1/O2
observations by the GstLAL search pipeline (Abbott et al.
2018a), 〈V〉det is the detection volume of the detector net-
work ie, the volume (in Gpc3) which our detector network is
sensitive to for BNS mergers. 〈V〉det depends on the network
configuration as well as their sensitivity and the properties
of the population which is assumed (for example, the mass
distribution which in this study is assumed to be uniform in
1 − 2M for component masses while there are other models
used in literature (Abbott et al. 2018a)). Given our simu-
lated population, 〈V〉det can be estimated as
〈V〉det =
(
Ndet
Nmax
)
× Vmax. (3)
where Ndet is the number of detected sources out of the
total Nmax sources which are distributed in a volume Vmax.
Note that the detection volume 〈V〉det is an approximation
to the 〈VT 〉det used in the LIGO-Virgo rate calculation (Ab-
bott et al. 2018a,b). Since we assume the sensitivity of our
network configurations to be static over a year, 〈V〉det can
well be treated as a time-averaged version of 〈VT 〉det. In ob-
taining the detection rates, we have assumed a 50% duty
cycle for each of the GW detectors and a 60% sky coverage
(time-averaged) for Fermi GBM telescope following Burns
et al. (2016).
In Table-1, we have shown the detection rates (per
year) for untriggered BNS, total BNS and the joint BNS-
SGRB detections in all three network configurations. Differ-
ent columns correspond to the overall rates, rates for ι ≤ 20◦
and the rates for ι > 20◦ respectively.
We make the following observations from Table 1:
• The fraction of total BNS detections which are joint
BNS-SGRB detections is 34% in LHV configuration, 30%
in LHVKI, and 19% in LHVKI. The decrease in joint detec-
tion fraction at higher GW sensitivity is due to the several
BNS detections at large inclinations for which the SGRB
counterpart is undetected.
• Due to the SGRB-triggered BNS detections, the overall
BNS rate increases by 29% (LHV ), 26% (LHVKI ) and 8%
(LHVKI ). This shows that the contribution from triggered
detections becomes less relevant as the sensitivity of the GW
network increases. Also, their relevance gets restricted to
the low inclination angle cases, with the improvement being
above 40% for ι ≤ 20◦ cases and only below 5% for ι > 20◦
cases. This is a direct consequence of the previous point
MNRAS 000, 1–?? (2019)
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Table 1. Detection rates (per year) in three different network
configurations. Three columns correspond to all the detections,
detections with ι ≤ 20◦ and ι > 20◦. The rows corresponding to Un-
triggered BNS are the independent BNS detections, Total corre-
sponds to Untriggered plus the SGRB-triggered detections while
the joint BNS-SGRB corresponds to those cases in which both
are simultaneously detected irrespective of whether triggered or
untriggered.
Case Any ι ι ≤ 20◦ ι > 20◦
LHV
Untriggered BNS 5.7+13.7−4.8 1.1
+2.6
−0.9 4.6
+11.1
−3.9
Total BNS 6.5+15.9−5.6 1.7
+4.1
−1.5 4.8
+11.8
−4.1
Joint BNS-SGRB 2.2+5.5−1.9 1.3
+3.2
−1.1 0.9
+2.3
−0.8
LHVK
Untriggered BNS 23.5+57.3−20.1 4.3
+10.5
−3.7 19.2
+46.7
−16.4
Total BNS 26.7+64.8−22.8 6.8
+16.4
−5.8 19.9
+48.4
−17.0
Joint BNS-SGRB 8.1+19.6−6.9 5.1
+12.3
−4.3 3.0
+7.3
−2.6
LHVKI
Untriggered BNS 164.8+400.6−140.7 31.0
+75.4
−26.5 133.8
+325.3
−114.2
Total BNS 178.4+433.4−152.2 44.1
+107.1
−37.6 134.3
+326.3
−114.6
Joint BNS-SGRB 34.6+84.3−29.6 30.3
+73.7
−25.9 4.3
+10.6
−3.7
that most BNS with ι > 20◦ have their SGRB counterparts
undetected.
• The number of joint detections with ι ≤ 20◦ is several
times larger than the number of joint detections with ι > 20◦.
For the LHV, LHVK and the LHVKI configurations consid-
ered in this paper, the ratio of number of events with ι ≤ 20◦
to those with ι > 20◦ are 10:7, 10:6 and 7:1 respectively.
• For ι ≤ 20◦, the joint detection rates are very close to
the total BNS detection rates, for all the three networks.
The small differences found in the table are due to the lim-
ited sky coverage of Fermi GBM, rather than sensitivity. For
a 100% sky-coverage instrument, the joint detection rates
will be very close to the total BNS detection rates when
ι < 20◦. In other words, in the era of the second-generation
GW detectors, most of the BNS detections with ι < 20◦ are
SGRB-detectable too, unless restricted by instrument’s sky
coverage.
4 CONCLUSION AND OUTLOOK
In this work, we have discussed multimessenger detections of
BNS and SGRBsm using simulated populations. We demon-
strated the inclination angle distributions and forecasted the
expected distance reach and detection rates of multimes-
senger BNS detections in the current and future observa-
tion programs. Our studies assumed that all the BNS merg-
ers have SGRB counterparts with Gaussian structured jets
and their properties are similar to the inferred properties
of GRB170817A which differs from the earlier works in the
literature on SGRB-triggered detection rates (Williamson
et al. 2014; Chen & Holz 2013; Dietz et al. 2013) which as-
sumed uniform top-hat jets. We find that the narrowly col-
limated nature of SGRB jet structures plays an important
role in the SGRB detectability and hence in the inclination
distributions, distance reach, and the detection rates.
Since the inclination angle distributions of multimes-
senger BNS detections (dashed and dotted lines in figure 1)
carry the imprints of the jet structure models, such distri-
butions obtained from accumulated detections over several
years can be used to probe different structured-jet mod-
els. Miller et al. (2015) explored a similar idea using view-
ing angle distributions of independent SGRB detections and
found that around 300 GRBs are sufficient for distinguishing
their structure if their viewing angles are reconstructed well.
Viewing angle distributions from multimessenger observa-
tions (as shown in this work) carries the added advantage of
being more accurately estimated due to the GW detection
with a multi-detector network (Arun et al. 2014; Tagoshi
et al. 2014; Chen et al. 2018) as obtained for GW170817
(Mandel 2018; Finstad et al. 2018).
As mentioned before, we have not considered the X-ray,
optical and radio counterparts for triggering BNS searches
and detections, primarily due to their large time window
for the coincidence w.r.t the merger which makes it dif-
ficult to establish a GW-EM temporal coincidence. More-
over, independent detections of such delayed counterparts
are challenging too which may be attributed to the limited
field of view of many present EM instruments as well as
the contamination from other EM transients such as super-
novae. This scenario is expected to improve in the near fu-
ture when there are several current and upcoming wide-field
EM instruments such as ZTF, Pan-STARRS, LSST, SKA,
ATLAST, THESEUS etc. search for transients. Also, once
the joint detections become routine as we predict in Table-1,
our theoretical understanding of various afterglows or Kilo-
novae counterparts (lightcurves) will tremendously improve
which might enable us to establish the temporal coincidence
between GW and EM sources despite hours or days of delay
in between. This will enable triggered GW search following
the detections of orphan X-ray, optical or radio counterparts
bringing more BNS detections. In short, in the era of wide
field EM instruments, we expect the EM-triggered BNS de-
tections to increase significantly compared to the present
era.
One caveat of the results in this demonstration study
is that they are sensitive to the GW and EM detection fa-
cilities considered here. We have considered Fermi GBM as
the only γ−ray detection facility which has an effective duty
cycle (or the time-averaged sky coverage) of 60%. If we con-
sider all the available instruments to be in operation simul-
taneously, then the fraction of SGRB counterpart detections
might largely increase. For example, INTEGRAL/SPI-ACS
has an effective duty cycle of 85% (Savchenko et al. 2017a)
which if operated simultaneously with Fermi GBM, will in-
crease the overall duty cycle close to 100% and hence the
joint detection will increase further. Nevertheless, this will
only affect the overall SGRB detections and the fraction of
detections with ι ≤ 20◦ and ι > 20◦ will remain unaffected.
Another caveat is that we have assumed all the SGRBs to
have GRB170817A-like properties which we invoked for sim-
plicity in this study. In reality, the properties can vary from
source to source. However, our current knowledge about the
distributions of such properties such as Eγ, θc are very lim-
ited
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